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ABSTRACT the class within object-oriented (OO) software. Thus, in AO sys-

Coupling indicates the strength of association established by a con-tems, the coupllngolls :nalnly a't\)/lout the dggre%of |nt(;rdependence
nection from one module to another. Aspect-oriented programming ahmong alspectfs:On ¢ asses.d_ﬁoreover, in O; er to (_etter n;]ea?(l;re
(AOP) is a new technique to support separation of concerns in soft- € coupling of AQ systems, different types of interactions shou

ware development. In aspect-oriented (AO) software, a common be :onhsmtt)ered dbetwein as;éect_s and glasses in th_e system. _
way to define and measure coupling for AO software is through s the broad use of OO design and programming matures in in-

structural properties and static code analysis. Most of the exist- dUSty, coupling measurement for OO software has been studied

ing measures and assessment frameworks concentrate on the statfe<€nsively. However, since AO systems introduce new features,
coupling evaluation of AO software. However, because of dynamic couplllng measures cannot be directly gpplled to AO. measurements.
binding and the common presence of unused aspect code, the reDespite the growing body of work dedicated to static measure cou-

sulting coupling measures are imprecise as they do not perfectly re-pllng in AO S3|/_Stems [6,7,9,15], there is nfodresea_rch related_to
flect the actual coupling taking place among aspects and/or classe&!Ynamic coupling measurement. Because of dynamic crosscutting,

at runtime. polymorphism, dynamic bindings and the common presence of un-
How coupling can be defined and precisely measured based ontSed (‘dead”) code in AO software, the static coupling measures

dynamic analysis of AO systems are presented in this paper. This2(€ ImPrecise as they do not perfectly reflect the actual coupling

paper focuses on dynamic coupling measurement for AO software. @king place at runtime. _ _

Firstly, a coupling framework for AO systems is specially designed , 1he goals of this paper arg) to create a standard terminology

to dynamically count the dependencies between aspects and classd@" fundamental structural elements in AO syste(iisio propose a

in the systems. Secondly, based on this framework, a coupling mea-unified dynamic coupling framework for measuring AO programs,
sures suite for dynamic assessing the coupling in AO software is (i) to formally define a suite of dynamic coupling measures that

proposed. Thirdly, the mathematical properties of these measures®@" be collected through a dynamic analysis of the code by execut-

are discussed to show that measures satisfy the properties, which &9 the code and saving mformatlor_l at runtinfs) _to systgmat-
good coupling measure should have. Next, implementation issues'cally analyze mathematical properties of dynamic coupling mea-

for a dynamic coupling measures collection tool, calletbDCM sures{v) to empirically gvaluate_dynamic coupling measures. -
are described. Lastly, empirical evaluation of dynamic coupling The rest of the paper is organized as follows. Section 2 briefly in-
measures is performed troduces the background knowledge of AOP in AspectJ. Section 3

distinguishes different types of dynamic coupling and presents a
dynamic coupling framework for defining coupling measures for
1. INTRODUCTION AO s_ystems. Section 4 define_s a term_inology for an AO system.
L . . Section 5 proposes 12 dynamic coupling measures based on the
Coupling |§the measure of the strength ofassougtlon es_tab“Shedframework presented in Section 3 and studies the mathematical
by a connection from one mogule to an()lther [E]' 'I'"gh quarl]lty Soft-  hroperties of the proposed coupling measure suite. Section 6 de-
Wlare dfeI5|gn, amlgng mﬁny_ other principles, shou g obgy_t e KTI’II‘ICE scribes the implementation issues to collect dynamic coupling data.
pies ot low coupling. The increasing Importance has being placed ge oy 7 offers the empirical evaluation of dynamic coupling mea-
on coupling measurement for evaluating and predicting the quality g, re5 section 8 discusses some problems in current research. Con-

of software. . ) clusion remarks and future work are presented in Section 9.
Aspect-oriented software development (AOSD), adding the con-

cept of an aspect, is an emerging technique to support separation

of concerns in software development. An aspect is a new first 2. AOP AND ASPECTJ

class entity that encapsulates crosscutting behavior in an applica- The core idea of AOP is callegteavingthat means in case one
tion. Aspect-oriented programming (AOP) is a research area that of join points is reached, control flow changes into certain points in
has gained an increasing amount of attention lately due to its offer- the execution of an application.

ing the idea of a new modular unit that encapsulates crosscutting As a representative of the most well-known families of available
concerns which would otherwise be scattered across multiple mod-AOP languages, AspectJ [10] is a seamless extension to Java. An
ules. AspectJ program can be divided into two paliase codsvhich in-

In aspect-oriented (AO) programs, the basic unit is an aspect or cludes classes, interfaces and other standard Java consisjetst
class. An aspect with its encapsulation of states (attributes) with codewhich implements the crosscutting concerns in the program.
associated modules such as advices, pointcuts, and methods (opFhe execution of base code might trigger the execution of aspect
erations) is a significantly different abstraction in comparison to code leading to coupling relationships between classes and aspects



which are not transparent. In this paper, AspectJ is adopted as target1: public class  C1 {

language to show the unique features by adding some new conceptsg; gjbnccz;cu)
and associated constructs, which include join points, pointcuts, ad- 4 c2 =new C2(); }
vices and aspect. 5: public static void main(String[] args) {
6: C1 cl=new C1();
e A join pointconstitutes the infrastructure of crosscutting con- ;f 21%8 )
cerns. Ajoin point is a well-defined point in the execution of ¢ public void m1() {
aprogram, such as a method call or access to a class member, 10: c2m2();  }
etc. 11: public void m4()
12: c2m2(); }}
i i ; i ; i _ 13: public class C2 {
e A p0|ntcutcon.3|sts of nglcally gomblngnplntcyt deS|gna. . public. void m20 0
tors representing the different kinds of join points that exist. 15
AspectJ provides the means to build hierarchies of pointcut 16: public class ~ C3 {
expressions. i; ) public void m3() {}
o An advicedefines code that executes when a pointcut is reache gf p”b"cp;‘\fsgtcg CA3_1 {
It is a method-like mechanism which consists of three kinds:  ;: public void aml()  {A2.aspectOf().am2(); )
before, aftemndaround advice 22: pointcut pcl(Object c): cflow(execution( * mi())
23: && (within(C1)||within(C2)) && this(c);
e An aspectis a modular unit of crosscutting implementation. 24 pointcut pc2():adviceexecution(&& within(A2);
Each aspect encapsulates functionality that crosscuts other ;2; befme(c;%ef(t),c)'p°1(°) {
classes in a program. Aspects can contain pointcuts, advices 27 c3=new C3();
and methods. 28: €3.m3(); ¥
29: after():pc2()
All of these features provide the basis of the research on dynamic g(l)f ﬁg-aSPeCth-am;Of
coupling measurement for AO software. 2. -aspectof().am2(; 4
33: public aspect A2 {
34: private C3 c3;
3. DYNAMIC COUPLING FRAMEWORK MmO
Most of coupling frameworks deal with static analysis of cou-  36: pointcut pc3():call( *m2());
pling dependencies of the system. Due to the new introduced As- ggf be“’re%é"fn?’é)w 03(){'
pectJ features, dynamic behaviors identified at runtime, influence 3g: am3); )

the coupling measurements. Therefore, in order to define dynamic 40: }
coupling measures for AO software, a dynamic coupling frame-

work will be proposed, which is based on frameworks for static
coupling measurement in AO software [6, 7, 15]. This paper offers

three decision criteria that need to be considered when classifying
dynamic coupling measures, which are granularity, type of connec-

Figure 1: A sample AspectJ program

tion, locus of impact. Each of the six criteria will be discussed. into base code through pointcuts picking up specifically join points.
. Most of the connections related to join points can be statically in-
3.1 Granularity ferred. However, some pointcuts refer to dynamic states and it is

Granularity refers to the domain entity of the measure, i.e., what only possible to determine if the join point is going to be picked
components are to be measured. The framework focuses on couup at runtime. In AspectJ, the following pointcuts refer to dynamic
pling caused by dependencies that occur between aspects and/opropertiescflow, cflowbelow, this, target, argsdif (except forif
classes in an AO system. Here, we consider the coupling depen-(true) andif (false)). Join point based coupling just exhibits a cou-

dence between aspects and/or classes. pling connection between the class/aspect associated with the join
. points and the aspect via a control flow change at runtime. In the
3.2 Type of Connection connection of join point based coupling, the client item is the wo-

The type of a coupling connection between two modules is de- ven advice; the client class is the aspect containing the advice; the
termined by the mechanism that is used to establish the couplingserver item is the join point expression picked out and the server
connection. A coupling connection between a client item and a class is the class of the currently object executing the join point.
server item is defined in [8]. A server and client item can be associ- Figure 1 shows a sample AspectJ program. The program con-
ated with a server and client class respectively. The client item usestains three classesl, C2, C3 and two aspects1, A2. The aspect
the server item as a service. For instance, a method A calls anotheA1 has one methodm1 and two pieces of advice related to point-
method B, which is a mechanism that leads to coupling connection cutspcl ,pc2 respectively.pcl, containingcflow designator, is a
between the client item, method A, and the server item, method B. dynamic pointcut. This control flow change is invisible. All in-

The work carried out by Bartsch [7] gave an overview of five formation about this coupling can be revealed at runtirpe2,
kinds of coupling types including static and dynamic coupling fea- containing adviceexecution designator, creates a coupling connec-
tures. Two groups of them are typical dynamic coupling connec- tion between two aspects. The aspgzthas one methodm2 and
tion. In this paper, join point based coupling and invocation based one piece of advice related to pointcptss. Through the rest of

coupling will be discussed. the paper, this example program is used as a small working exam-
. . . le to demonstrate idea of dynamic coupling measurement for AO
3.2.1 Join Point Based Coupling Eoﬁware_ Y Ping

Differing from any coupling connection in OO systems, join Owing to aspecil containing dynamic pointcutflow pcl
point based coupling describes coupling between an aspect and anwhen the program is executed, all join points are selected from
other class/aspect due to the weaving mechanism of advice codewhich the control flow change originates, then aspect A1 and A2



Table 1: Join Point Based Coupling Sets of The Working Example

# Join Point Mechanism Client Class Client Item Server ltem Server Class
1 method execution join point | aspect A1 advice al with pointcut pcl execution(C1.m1()) class C1
2 attribute reference join point| aspect A1 advice al with pointcut pcl get(C2 Cl.c2) class C1
3 method call join point aspect A2 advice a3 with pointcut pc3 call(C2.m2()) class C1
4 advice execution join point | aspect Al advice a2 with pointcut pc2 adviceexecution(A2.before) aspect A2
5 method call join point aspect Al advice al with pointcut pcl call(C2.m2()) class C1
6 method execution join point | aspect Al advice al with pointcut pcl execution(C2.m2()) class C2
7 method call join point aspect A2 advice a3 with pointcut pc3 call(C2.m2()) class C1
8 advice execution join point | aspect Al advice a2 with pointcut pc2 adviceexecution(A2.before) aspect A2
Table 2: Invocation Based Coupling Sets of the Working Example
# of Join Point Line of Code | Client Class Client Item Server ltem Server Class
1 21 aspect AL method am1 method am2 aspect A2
1 28 aspect A1 advice al with pointcut pcl method m3 class C3
2 21 aspect A1 method am1 method am2 aspect A2
2 28 aspect A1 advice al with pointcut pcl method m3 class C3
3 39 aspect A2 advice a3 with pointcut pc3 method m3 class C3
4 30 aspect AL advice a2 with pointcut pc2 method am2 aspect A2
4 31 aspect A1 advice a2 with pointcut pc2 method am2 aspect A2
5 21 aspect Al method am1 method am2 aspect A2
5 28 aspect A1 advice al with pointcut pcl method m3 class C3
6 21 aspect A1 method am1 method am2 aspect A2
6 28 aspect AL advice al with pointcut pcl method m3 class C3
7 39 aspect A2 advice a3 with pointcut pc3 method m3 class C3
8 30 aspect AL advice a2 with pointcut pc2 method am2 aspect A2
8 31 aspect AL advice a2 with pointcut pc2 method am2 aspect A2

will be triggered separately. Table 1 shows all join point based relationship introduces import and export coupling. Export cou-
coupling connections when Figure 1 the working program runs. pling means that the aspect is the server class of the connection.
The first column shows the sequence of selected join points at run-Import coupling means that the aspect is the client class of the con-
time. The second column names the type of join point. The latter nection. Export and import coupling define a counting rule for a
four columns represent that advice of some aspect crosscuts a classertain coupling connection.

whose executing object reaches some join point dynamically. Note  For join point based coupling, export coupling counts the number
that the fifth column is the join point expression. In Table 1, #4 of aspects that are coupled to a given class/aspect. Import coupling
shows that the join point is reached whiesfore advice of as- counts the number of classes and aspects that are coupled to a given
pectA2 executesafter advice of aspecAl crosscuts aspee. aspect. This is because a class is perceived as the server class that
Note that only advice execution join point type can achieve associ- export join points which can be used by aspects that act as the client
ation between two aspects, other join point types lead associationclass.

between an aspect and a class. For invocation based coupling, export coupling counts the num-
. . ber of aspects that make calls to a method of a given class/aspect.
3.2.2  Invocation Based Coupling Import coupling counts the number of classes and aspects whose

Similar to coupling based on invocation in OO program, method methods would be called by a given aspect. This is because a class
or advice of an aspect sends messages to methods of a class or ais perceived as the server class whose methods are called by aspects
aspect. Within this runtime session, messages sent from (receivedhat act as the client class.
by) one object to (from) other objects, which brings a method invo-
cation. For example, a method m1 or an advice al of aspect Acalls4, TERMINOLOGY
method m2 of class C or another aspect B, which is a mechanism
that leads to coupling connection between the client item, which is
method m1 or advice al, and the server item, which is method m2.
Correspondingly, the client class is aspect A and the server class i
class C or aspect B.

Table 2 shows all invocation based coupling connections when
Figure 1 the working program runs. An invocation based coupling 4.1 Sets
is descril_:)ed by a source aspect and method/advice sending the MeS- The first step is to define the basic sets in AO systems.
sage, a line of code, and a target entity and method. Corresponding

In order to formally define dynamic coupling measures in AO
programs precisely and unambiguously, the basic terminology sets
should be defined on which to build measures definitions using set
Stheory and first order logic. The terminology is derived from a
similar terminology in [5, 15] for OO systems.

to column# of Table 1, the first column denotes definite join point e C: Sets of classes in the system. Note that interfaces can be
reached at runtime. The second column shows the line of code. handled similarly with classes, so they are also included in
The latter four columns represent that a method or an advice of C

some aspect calls a method of a class or another aspect. o A Sets of aspects in the system.

3.3 Locus of |mpaCt e COMSets of components in the syste@ONMcan be parti-
If an aspect is used in a coupling connection, a distinction made tioned into the subsets of class€3 &nd aspectsd), COM=
between export and import coupling is important. The client-server CUA.



M Sets of methods in the systeiare composed of a subset
of aspects’ methods and a subset of classes’ metid(i3)
represents methods of all classes. For each dass C,
M(c) is the set of class c's method€(A) represents meth-
ods of all aspects. For each aspaat A, M(a) is the set of
aspect a's methods.

ADV Sets of advices in the systetADV(A) represents ad-
vices of all aspects. For each aspact A, ADV(a) is the
set of aspect a’s advices.

MOD Sets of modules of all aspects in the system. In an
AO system, an aspect contains several types of modules, i.e.,
advice, intertype declaration, pointcuand method. Only
advicesand methodsare involved inMODset for the con-
sideration of dynamic coupling measurement issues in this
paper. For each aspextc A, MOD(a) = ADV(a) U M(a) .

JP: Sets of join point expressions at runtime in the system.

HC Sets of hashcode of join point at runtime in the system.
For each executiorhashcode € HCremains equally and
identifies a unique join point expressign € JP.

N: Sets of lines of code in the system. The elements of this
set are all natural numbers.

4.2 Relations

Mathematical relations on the sets are introduced that are funda-
mental to the definitions of the measures.

e CRis the set of dynamic crosscutting that occur at runtime in
the systemCRC ADVx A x HCx JP x COMThe five tuples
indicates that when some componenin € COMexecuting
picks up join pointp € JP identified byhashcode € HG
corresponding advicadv € ADVof some aspec € A will
be triggered to crosscut this component dynamically.

MEis the set of actual passing messages in the sysusmn:
MODx A x HCx N x Mx COM The six tuples indicates that
when some join point whose identifieriashcode € HCis
reached, a line of code € N, a source aspeet € A and
modulemod € MODsend the message to a target component
com € COMand methodne M

Ol is the set of possible method invocations in the system. In
this paperQl is divided into two groups: explicit invocation
and implicitinvocation. Explicit invocatiokOl is caused by
dynamic messages. Implicitinvocatitdl is caused by dy-
namic crosscutting. Now the definition of these two sets will
be given.EOI C MODx A x Mx COMan explicit invocation

is characterized by the invoking aspectc A and module
mod € MODand another aspect/classm € COvand method

m € Mbeing invoked.IOI C ADVx A x JP x COMan im-
plicit invocation represents that some comporwant € COM
executing reaches join poijt € JP, corresponding advice
adv € ADVof some asped € Ais triggered to crosscut this
component.

Here, a small working example, as shown in Figure 1, will be
used to illustrate the definitions above. Note that join points identi-
fied by hc3, heb, hc7 respectively have the same expression
call(C2.m2()) , SO join point expression elements of the tuples
are all jp3 inCR
CR={(al,A1,hcl,jpl,Cl1), (al,Al,hc2,jp2,C1), (a3,A2,hc3,jp3,C1),
(a2,Al,hc4,jp4,A2), (al,Al,hc5,jp3,C1), (al,A1,hc6,jp6,C2),
(a3,A2,hc7,jp3,C1), (a2,A1,hc8,jp4,AR)

ME= {(am1,Al,hcl,21,am2,A2), (al,Al,hc1,28,m3,C3),
(am1,A1,hc2,21,am2,A2), (al,Al,hc2,28,m3,C3), (a3,A2,hc3,39,m3,C3),
(a2,A1,hc4,30,am2,A2), (a2,A1,hc4,31,am2,A2), (am1,Al,hc5,21,am2,A2),
(a1,A1,hc5,28,m3,C3), (am1,A1,hc6,21,am2,A2), (al,Al,hc6,28,m3,C3),
(a3,A2,hc7,39,m3,C3), (a2,A1,hc8,30,am2,A2),(a2,A1,hc8,31,amp,A2)

EOI={(am1,A1,am2,A2),(a1,A1,m3,C3),(a3,A2,m3,C3),(a2,Al,am2}A2)

10l ={(a1,A1,jp1,C1), (al1,Al,jp2,C1), (a3,A2,jp3,C1), (a2,Al,jp4,A2),
(al,A1,jp3,C1), (a1,Al, jp6,C2)

5. DYNAMIC COUPLING MEASURES

In this section, 12 dynamic coupling measures are defined and
mathematical properties of the proposed suite is also studied.

5.1 A Dynamic Coupling Metrics Suite

Based on dynamic coupling framework presented in Section 3
and the terminology defined in Section 4, six kinds of dynamic
coupling measures are provided. The measures are all defined as
cardinalities of specific sets.

e Dynamic CrosscuttingWithin a runtime session, it is possi-
ble to count the total number of times that aspects crosscut
present classes/aspects. Two crosscuts are considered to be
the same if the advice, aspect, hashcode, join point expres-
sion, component are the same. The condition reflects the fact
that a unique control flow change means to imply a different
crosscuts. As shown in Table 1, there exists 8 dynamic cross-
cutting, including 6 times of aspeat. crosscut<1,C2,A2 .

e Distinct Implicit Method InvocationsA simpler alternative

is to count the number of distinct implicit method invocation

caused by dynamic crosscutting. For example, when an ad-

vice of some aspect crosscuts a recursive method of a class,

the number of dynamic crosscutting is the same as the times

of recursion, accordingly, only once distinct implicit method

invocation for which the join point expressions are the same.

Distinct Implicit Components It is also possible to count
only the number of distinct server classes. As shown in Ta-
ble 1, aspecil crosscut<1,C2,A2 , so the measure of this
setis 3.

e Dynamic MessagesWithin a runtime session, it is possi-

ble to count the total number of distinct messages sent from
(received by) one object to (from) other objects. Two mes-
sages are considered to be the same if their source and target
classes/aspects, the method invoked in the target component,
the statement from which it is invoked in the source aspect
are the same. The condition reflects the fact that a differ-
ent context of invocation is considered to imply a different
message. As shown in Table 2, aspgttsends 12 distinct
messages to other classes/aspects.

Distinct Explicit Method Invocations An alternative is to
count the number of distinct method invoked by each advice
in each aspect. As shown in Table 2, there are 3 distinct ex-
plicit method invocations{(am1,A1,am2,A2),(a1l,A1,m3,C3),
(a2,A1,am2,A2).

Distinct Explicit Componentdt is to count only the number

of distinct server classes that a method in a given object uses
(is used by). As shown in Table 2, there are 3 distinct explicit
method invocations{(am1,A1,A2),(a1,A1,C3),(a2,A1,A2)



Table 3: Summary of Dynamic Coupling Measures for AO Software

Locus of Impact

Type of Connection

Measures

Set Definition

ImportCoupling

Join point based
coupling

Dynamic
Crosscutting

[IC_.DC(a)| = [{(adv, a, hc, jp,com)|adv € ADV,a € Ahc € HGjp €
JP, com € COMa # com, (adv, a, hc, jp, com) € CR}|

Distinct Implicit
MethodI nvocations

[ICII(a)] = [{(adv, a, jp, com)Jadv € ADV,a € A, jp € JP,com € COMa #
com, (adv, a, hc, jp, com) € CR (adv, a, jp, com) € 10l }|

Distinctmplicit
Components

[ICIC(a)] = [{(adv,a,com)ladv &€ ADVa € Acom & COMa #
com, (adv, a, hc, jp, com) € CR}|

Invocation based
coupling

DynamicMessages

[IC.DM(a)] = [{(mod, a, hc, n, m, com)[mod € MODa € A hc € HCn €
N,m € M com € COMa # com, (mod, a, hc, n, m, com) € MB|

Distinct Explicit
MethodInvocations

[IC_EI(a)] = [{(mod, a, m, com)[mod € MODa € A;m € M com € COMa #
com, (mod, a, he, n, m, com) € ME (mod, a, m, com) € EOI}|

Distinct Explicit
Components

[IC_ZEC(a)] = [{(mod, a,com)[mod € MODa € A com
com, (mod, a, he, n, m, com) € MB|

€ COMa #

Export Coupling Join point based

coupling

Dynamic
Crosscutting

[EC_DC(com)[ = [{(adv, a, hc, jp, com)[adv € ADV,a € A hc € HCjp €
JP, com € COMa # com, (adv, a, hc, jp, com) € CR}|

DistinctImplicit
MethodInvocations

[ECII(com)[ = [{(adv, a, jp,com)[adv € ADV,a € A/jp € JP,com €
COMa # com, (adv, a, hc, jp, com) € CR (adv, a, jp, com) € IOl }|

DistinctImplicit
Components

[ECIC(com)] = [{(adv, a,com)[adv € ADV,a € A com
com, (adv, a, hc, jp, com) € CR}|

€ COMa #

Invocation Based
Coupling

DynamicMessages

[EC.DM(com)] = [{(mod, a, hc, n, m, com)[mod € MODa € A, hc € HCn €
N, m € M com € COMa # com, (mod, a, hc,n, m, com) € ME}|

Distinct Explicit
MethodInvocations

[EC_EI(com)[ = [{(mod, a, m,com)[mod € MODa € Am € Mcom €
COMa # com, (mod, a, hc,n, m, com) € ME (mod, a, m, com) € EOI}|

Distinct Explicit
Components

[EC_EC(com)[ = [{(mod, a, com)[mod € MODa € A ,com € COMa #
com, (mod, a, hc, n, m, com) € MB|

Table 3 shows the formal set definitions of the dynamic coupling
measures when the granularity is the aspect and class. The mea:

Table 4: Results of Dynamic Coupling Measures of the Work-

sures definition are differentiatéuportfrom exportcoupling, that ing Example
is the locus of impact for an aspect or a class. They are also differ- Al A2 C1 c2 c3
entiatedoin point based couplinfrom invocation based coupling |IC-DC| 6 2 0 0 0
that is the type of connection for dynamic coupling between an as- |IC11] 5 1 0 0 0
pect and a class/aspect. As shown in Table 3, (I/B}Cfocuses on 1C.1C| 3 1 0 0 0
CRrelation; (I/E)ClI focuses orlOl relation; (I/E)CDM focuses [IC_DM] 12 2 0 0 0
on MErelation; (I/E)CEI focuses orEOI relation. An intuitive [IC_EI]| 3 1 0 0 0
textual explanation only for the first set; I0C(a). Other sets can [IC_EC]| 3 1 0 0 0
be interpreted in a similar manner. |[EC.DC] 0 2 5 1 0
IC_DC(a): A set containing all tuple@dvice, aspect, hashcode |ECII| 0 1 4 1 0
of join point, join point expression, componestich that there ex- [ECIC| 0 1 2 1 0
ists dynamic crosscutting that when executing a component (as- |[EC_DM]| 0 8 0 0 6
pect), a join point expression captured, which identified by its unique |EC_EI| 0 2 0 0 2
hashcode, then the advice of aspect is trigged to crosscut the com- |EC_EC| 0 2 0 0 2

ponent. The corresponding metric is simply the cardinality of this
set. Note that the aspect must be different from the component
(a # com), because we are focusing on dependencies that con-
tribute to coupling between aspects and classes/aspects, not cohe-
sion relation between different classes or the same aspect.

Return to the working example in Figure 1, the result of dynamic
coupling measurement is provided in Table 4 by using the measures
shown in Table 3.

5.2 Mathematical Properties

Five mathematical properties of coupling measures for OO soft-
ware was presented in [8]. It is thought that the mathematical prop-
erties are also remarkable for AOP systems. The five mathemat-
ical properties of dynamic coupling measures will be studied in
this subsection. The motivation of discussing measures’ mathe-
matical properties is to perform an initial theoretical validation by
demonstrating that the measures have intuitive properties that can
be justified. LetSbe an AO system]PCoupling(S)he all dynamic
coupling measures sets caused by join point based couphihg,
Coupling(S)be all dynamic coupling measures sets whose type of
connection is invocation based coupling.

e Nonnegativity. Because the dynamic coupling measures mea-
sure the cardinality of sets, it is not possible for the dynamic

coupling measures to be negative, e.g,0OC returns a set
of tuples(adv, a, he, jp,com) € ADVx A x HCx JP x COM

Null values. All sets of join point based coupling measures
are empty if and only if the set of dynamic crosscutting is
empty: CR =0 < JPCoupling(S) =0. All sets of invocation
based coupling measures are empty if and only if the set of
dynamic messages is empiyME =0 < INCoupling(S) =0.

Monotonicity. Leta € A be an aspect db Some relation-
ships were added ta to form a new aspea’. Let S’ be

the AO system which is identical 18 except that aspea

is replaced bya’. ThenJPCoupling(a) < JPCoupling(a’),
JPCoupling(S) < JPCoupling(S’). The property of mono-
tonicity states that if a relationship between an aspect and
a class/aspect is added into an AO system, coupling of the
system can be decrease impossibly.

Impact of merging classesLetal, a2 € Abe two aspects of
S Let a’ be the aspect which is the unionaif anda2. Let
S’ be the AO system which is identical 8except thagland
a2arereplaced by a'. ThefPCoupling(al) + JPCoupling(a2)



lAspect] Source Programs means of the analysis of dynamic pointcut designators and program

JL statement structures to discuss whether dynamic coupling measures
could more precisely reflect the coupling information for AO sys-
Instrumentation tems.

7.1 Subject Programs

We use 12 Aspectd benchmarks shown in Table 5 for the exper-
imental study. Bean, Ltw, Observer, Telecom, Tjp are the exam-
ples included in the AspectJ compiler example package [4]. Ex-
ample is a small working example in this paper. AJHotdraw [1],
written in AspectJ, is refactored from JHotdraw [3]. The remain-
ing programs are obtained from the abc benchmark package [2].
Metric Analyzer This group of benchmarks have also been widely used by other re-
searchers to evaluate their work on test generation [12] and change
analysis [14].

N
:_ VM '

XML Trace File

HTML File for
Metrics Results

Table 5: Subject Programs

. . . Programs AB Line of Code | AJFile | JavaFile | AJPro
Figure 2: Architecture of the tool AJHotdraw | AJHD | 44494 31 290 | 9.66%
Bean Bean 212 1 2 33.33%
Dcm Dcm 2865 4 25 13.79%
> JPCoupling(a’), JPCoupling(S) > JPCoupling(S’). Merg- Example | Exam 5 2 3 40%
ing of aspects may induce that relationships disappear. For Lod Lod 2616 4 24 14.29%
9 p y p ppear. Ctw Cw 20 1 1 50%
example, after the tuples of the form (am1,Al,am2,A2) are NullCheck | NC 2472 1 23 Z17%
transformed into tuples of the form (am1,A’,am2,A), the cou- Observer | OS 214 2 60 25%
pling connection between A1 and A2 disappeared. The inter- %“'ICKSO” ?g ég; é 110 22%)20/
. A . . elecom .08%
nal connection of A’ is in the scope of cohesion connection. Tots T 1576 5 5 =0%
Tip Tip 72 1 1 50%

e Merging uncoupled classesLetal,a2 € A be two aspects

of S Let a’ be the aspect which is the unionadfanda2. Let L .
S’ be the AO system which is identical ®except thail Table 5 shows the abbreviation (AB), the number of lines of code

anda2 are replaced by a'. If no relationships exist between (Line of Code), the number of Aspect] files (AJ File), the number

alanda2, thenJPCoupling(al)+JPCoupling(a2)=JPCoupling(a’) of Je_tva files (Java File), and the pro_portion of AspectJ files of all
JPCoupling(S) = JPCoupling(SThis property states that merg- the files (AJ Pro) of the selected subject programs (Programs).

ing two aspects that are not connected can not affect coupling 7.2 Threats to Validity

in the system at all.

However, threats to validity should still be taken into considera-

tion, including internal validity and external validity. There are two

6. IMPLEMENTATION ISSUES main aspects which are likely to cause the internal validity. Firstly,
~ To investigate the practicability of our coupling framework, we  the warp of dynamic coupling measures which are calculated by

implement a dynamic coupling measures tool catedDCM The AJDCMautomatically may possibly occur although we have in-
lecting the coupling data from executing program into XML trace  static coupling measures may be incompletely reasonable to form
files, whereas the second calculates the measures based on XMlgomparison pairs of coupling measures. External validity concerns

files. ) ) ) ) o the applicability and generality of our findings. 12 AspectJ bench-
An overview of the architecture is depicted in Figure 2. The marks are used as the subject programs for experiments and differ-

lines corresponds to components of existing tools that we utilize.  for the same programs at runtime, dynamic coupling degree may
The tool separates the collection and analysis of dynamic cou- pe also different.

pling measurement into two phases. In the first phase, data from
a running AO program is gathered and stored in the form of XML 7.3 Comparing Coup|ing Measures

files._ This is accomplished b‘ynstrumentinq13] the source code For better comparison between dynamic coupling measures and
running on Java Virtual Machine (JVM). In the second phase, the static coupling measures, we pick out some kinds of dynamic cou-

gata |slanalyz?d. The metric angI%/zer mOdlf[lhe stlli/lsl?(iit? Obttamtthepling measures from this paper and some pieces of static coupling
) );ne;rr]nlcf coupflrETrl\rJl(Ie_asutres anﬂ raverses the ata structuré easures from our previous work [11] to form four comparison
Into the form © outcome files. pairs of coupling measures.

7. EMPIRICAL EVALUATION 7.3.1 Dynamic Coupling Measures

To better evaluate dynamic coupling measures, we perform an  With respect to the set definition of dynamic measures, we find
experimental study on 12 AspectJ benchmarks to study whetherthat the sets of every two measures are the subsets of the another
dynamic coupling measures we proposed are not only theoreticalmeasure. For example, IiCand IC_IC are the subsets of LDC.
but also practical in AO systems. On the other hand, we com- Thus, we select four kinds of dynamic coupling measures, includ-
pare dynamic coupling measures with static coupling measures bying |IC_DC]|, [IC_DM|, |EC_DC| and|EC_DM].



7.3.2 Static Coupling Measures dynamic coupling degree with static degree in terms of the same

We next choose three pieces of static coupling measures fromsource file.
our pr_evious work [11], Whi_ch coul_d statically measure the sir_nilar Designatorthis and target
coupling degree as dynamic coupling ones. These three static cou-
pling measures are CDP, CAE, RFA respectively and more details Pointcut designatothis indicates any join point where the cur-
are described in [11]. rently executing object is an instance of one classtanget shows
any join point where the target object is an instance of one class.
e CDP (Crosscutting Degree of an Aspect caused by Point-  Since the instance of class is created at runtime, dynamic crosscut-
cuts) CDP measures the number of modules affected by the ting behavior triggered by the dynamic pointcut designators which
pointcuts in a given aspect. are composed afhis or target, could not be found by static anal-
ysis. Therefore, static coupling measures are unable to precisely
e CAE (Coupling on Advice Execution) CAE measures the  measure the coupling degree of crosscutting behavior.
number of aspects containing advices possibly triggered by By means of source code analysis, we find that these kinds of
the execution of operations in a given module. pointcut designators are existing in most benchmarks such as Bean,
Lod, Observer, Telecom, Tjp, AJHotdraw and Tetris. Table 6 shows
the results of dynamic and static coupling measures in Bean, Tele-
com, and Tjp in which dynamic pointcuts are composethisfand
target

e RFA (Response For a Module All)RFA measures the num-
ber of methods and advices potentially executed in response
to a message received by a given module.

7.3.3 Comparison Pairs of Coupling Measures

In terms of the descriptions of dynamic and static coupling mea- Table 6: Results of Dynamic and Static Coupling Measures in
sures, we form four comparison pairs of coupling measures. EachBean, Telecom, and Tjp in Which Dynamic Pointcuts are Com-
pair of coupling measure consists one dynamic coupling measurepgﬁed ofthis and target

. . T[ BM | ICDC| CAE[ ICDM[ RFA] ECDM| ECDC| CDP
and one static coupling measure. BoundPomt AT Bear G 0 T 50 = T
. Point C| Bear) 0 1 0 9 12 6 0
e Pair 1. IC_DC| and CAE Billing A[TC [ 4 0 |8 6 |0 0 1
. . . Call C[TC [0 2 |0 12 [0 8 0
[IC_DC| and CAE reflects import dynamic and static cou- Cinnection cTc 1o > G 5 5
pling degree of aspects triggered by the execution of opera- [ Customer | C| TC | 0 2 0 12 [ 2 0 0
tions in a given module respectively. Timer Cl[TC [0 0 |O 3 |10 0 0
TimerLog Al TC | 4 0 0 0 0 0 1
] Timing A[TC | 4 1 |12 2 |2 4 1
e Pair 2. IC_DM| and RFA N, e T 10 —— — - 5
|IC_.DM| and RFA shows import dynamic and static cou- [ Getinfo Al Tp | 2 0 0 6 [0 0 1
pling degree of methods and advices potentially executed in
response to a message respectively. Table 6 describes the filename (FN), the type (T), three static
) coupling measures (CDP, CAE and RFA), and four dynamic cou-
e Pair 3. [EC_DC| and CDP pling measures (ICDC, ICDM, ECDC and ECDM) of each file in

Similar to Pair 1,[EC_DC| and CDP measures export dy- relevant benchmark (BM). For Column T, A is for aspect file while
namic and static Coup“ng degree of modules affected by the Cis for class file. On the other hand, Column ICDC, ICDM, ECDC

pointcuts in a given aspect respectively. and ECDM measure the value giC_DC|, [IC_DM]|, |[EC_DC]|
and |[EC_DM]| respectively. In the following tables, the meanings
e Pair 4. [EC_.DM| and RFA of columns are similar to columns in Table 6.
Similar to Pair 2,|EC_DM]| and RFA indicates export dy- Pair 1: For all of the aspect files, the value|BE_DC| is larger

than the value of CAE. This is becauf&_DC| calculates the
number of dynamic crosscutting, which only exists in aspect files.
From the viewpoint of design modularity, the aspect is less inter-
7.4 Experiment Results acted with the aspect. Thus, for aspect files, CAE is normally equal
With respect to the dynamic behaviors in AO systems at runtime, t© ;ZE:)'Z For most of the aspect files, the valuesT6f DM is
we divide comparisons of coupling measures into two parts: dy- larger than the value of RFA, since poinécutdesignatmg;t makes
namic pointcut designators and program statement structures. Bythe method calls in advices’which are not counted in RFA
means of fine-grained analysis, dynamic pointcut designators focus Pair 3: For all of the java files the value of CDP is not Iargierthan
on the dynamic crosscutting pointcuts in aspect code while program he valué of EC.DC]| because éome dynamic behaviors could not
statement structures more concentrate on the dynamic execution o e checked staﬁcally. ThuEC_DC| could more precisely reflect
conditional and loop statements both in aspect code and base codeThe coupling degree between (;Iasses and aspects than CDP.

7.4.1 Dynamic Pointcut Designators Pair 4: For all of the aspect files, the value of RFA is larger than
" the value off EC_DM|. The value of EC_DM] is usually small

when designatothis is defined in the pointcut for the reason that
it makes instances of other classes silent.

namic and static coupling degree of methods and advices po-
tentially executed in response to a message respectively.

With respect to the dynamic pointcut designators defined in As-
pectJ, we classify them into seven kinds: (&)s andtarget, (2)
cflow and cflowbelow, (3) perthis and pertarget, (4) percflow
and percflowbelow, (5) if*, (6) args and (7) adviceezecution. Designatorcflow and cflowbelow

For each kind of dynamic pointcut designator, we next compare Designatorcfiow describes any join point in the control flow

Lif in Subsubsection 7.4.1 is denoted as one kind of dynamic point- 0f currently join point operation whileflowbelow indicates any
cut designators. join point below the control flow. These unique features make




programmers difficult to understand the dependencies among thesome pieces of pointcut which is composedfof Table 8 lists the
components in AO systems by means of static analysis. There-results of dynamic and static coupling measures in AJHotdraw.
fore, for better understanding coupling degrees, dynamic coupling

measures are indispensable dynamic pointcut designators. Table 7 ) . ) )
distinguishes the results of dynamic and static coupling measuresable 8: Results of Dynamic and Static Coupling Measures in

in Example and Lod in which dynamic pointcuts are composed of

Which Dynamic Pointcuts are Composed ofif

AJHotdraw in
FN

T[] BM | ICDC| CAH ICDM| RFA] ECDM] ECDC CDH

cflowandcflowbelow Classlnvariant C| AJHD| 0 1 0 0 3560 | O 0

Invariant A| AJHDH 1810| O 3560 | 1 0 0 69
Table 7: Results of Dynamic and Static Coupling Measures in '\C"lg‘;';'”"a”a” C| AJHD 0 1]0 410 5 0
Example and Lod in Which Dynamic Pointcuts are Composed Figure CIAJAD © 5 ) 5010 37410
of cflow and cflowbelow Attributes
FN T[ BM | ICDC| CAE| ICDM| RFA] ECDM] ECDC| CDH ImageFigure | C| AJHD| O 3 |0 19 | 0 75 0
Al A| Exam 6 0 12 3 0 0 3 TextFigure C| AJHD| O 4 0 66 | O 1304 | O
A2 Al Exan 2 1 2 1 |8 2 1 Standard C| AJHD| 0 1 [0 38 | 0 52 0
C1 C| Exam O 2 0 6 0 5 0 Drawing
C2 C| Exam O 1 0 2 0 1 0
c3 C| Exanj 0 0 0 T |6 0 0 . L
EmptyQueue| C| Lod | 0 1 0 o T0o T 0 AIthoughdgsmnatorf eX|stS|nAJHotdrawand Lod,.al!thefour
QException pairs of coupling measures Pair 1, 2, 3, and 4 are still in the same
PQNode C[Lod [0 2 0 2 10 30 0 tendency as other benchmarks.
Q_Node C| Lod | 0 2 0 2 |0 48 0
TQ_Node C| Lod | 0 2 0 3 |0 46 0 Designatorargs
Test C| Lod | 0 2 0 9 |0 20 0 ) . o . -
Check Al Lod | 10 1 0 4 |0 0 13 Designatomrgs points out any join point where there are specific
gblefCItSUPP"Erg ::03 gg 8 (1349 3 (2)05 8 27 arguments. When join points are intercepted at runtime, the control

ercriow (o] . . .

Pertarget AT Tod 156 o 5 = o o 6 flow of programs will change and pointcuts will be matched at that

For Exam, a working example in this paper, because of the des-
ignator cflow in Al, the values of dynamic coupling measures are
obviously going up than the values of static ones. Since the work-

time. If args is defined as a part of the pointcuts, some accurate
arguments need to be assigned. Otherwise, pointcuts will not be
matched and the programs will execute orderly. Actually, designa-
tor args is usually coupled with designatasirget in the definition

of pointcuts. Thus, all the four pairs of coupling measures Pair 1,

ing example is pretty simple and more details have been explaineds 3 4n4 4 are also like those relevant to designataet.
in Section 3, we next analyze the influence caused by designator '

cflow in Lod according to those four pairs of measures.

Pair 1: For all of the aspect files, the value|BE _DC| is much
larger than the value of CAE. Since aspect filacflow is de-
clared withpercflow, an instance of aspect is instantiated for every
control flow. It makes that the aspect crosscuts many join points
dynamically and the value ¢fC_DC| increases fast.

Pair 2: For most of the aspect files, the value|l&_DM] is
extremely larger than the value of RFA except aspect file Check.
Because aspect fileertarget is declared withpertarget, one
pointcut is instantiated with the definition edrget. It also makes
that many method calls executed in the corresponding advices an
the value of IC_DM]| quickly rises.

Pair 3: For all of the java files, the value|®C_DC| is obviously

Designatoradviceexecution

Designatoradviceezecution describes the execution of all ad-
vice bodies, just like the working example in this paper. When
advice al in A2 is triggered, pointcut pc2 intercepts and causes the
execution of advice a2 in Al. For other examples which include
adviceezecution, we could get the similar result. Note that the
value of CAE for aspect files is almost zero in the above tables.
However, if one aspect crosscuts another aspect, the value of CAE
for the crosscutted aspect file will be more than zero. On the other

and, the four pairs of coupling measures for crosscutted aspect
iles are likely to retain the same direction as before while those
for crosscutting aspect files are likely to increase based on original
results.

greater than the value of CDP. The reason is that method executions

in advices which are triggered by the dynamic pointcut wjttow
still intercept the current pointcut because of dynamic mechanism
caused byflow.

Pair 4: For all of the files, the value of Column ECDM is almost
zero, except foDbjectSupplier . By checking the source code,
we obtain the fact that aspect fikercflow andPertarget are
both extended fron®bjectSupplier and there are a lot of calls
to the methods of base class in aspect files.

Designatorif

Designatorif presents any join point where the boolean expres-
sion is true. When programs execute some join point which trig-

gers relevant pointcut, the boolean expression must be calculated ta

judge whether the execution is going on or off. If the result is true,
programs will run continuously. Otherwise, it will skip the pointcut
and not trigger the execution of advices.

Since programmers are used to use more conditional statement
in plain methods or advices, designatpis less used in the defini-
tion of pointcut. Of all the benchmarks, AJHotdraw and Lod have

Designatorwildcard

wildcard is not one kind of dynamic pointcut designator, but it
is pretty important to be used to define the variance of pointcut.
However, for programmers, it is difficult to statically identify what
are really matched by the pointcuts and what are not. Table 9 shows
the results of dynamic and static coupling measures in NullCheck
in which dynamic pointcuts are composedfdcard.

Table 9: Results of Dynamic and Static Coupling Measures in
NullCheck in Which Dynamic Pointcuts are Composed ofwild-

card
FN T| BM| ICDG CAE| ICDM| RFA| ECDM| ECDC CDP
Simulator C| NC| 0 1 0 45 | 0 17 0
Scheduler C| NC| O 1 0 11 | O 3 0
PriorityQueugd C| NC| 0 1 0 11 | O 1 0
EnforceCoding A| NC| 21 1 0 0 0 0 9

5 Standards

Since thewildcard is often used in the definition of pointcuts



in aspect files, we conceive one pair of coupling measures Pair 3 It could be seen explicitly from Table 10 that static coupling
to explain the differences between dynamic coupling measures andmeasures are always equal while dynamic measures are fluctuat-
static coupling measures. The value of CDP is statically computed ing. Static coupling degree measures the same source code and
and it considers all the possible matched methods. However, thekeeps the same result. However, dynamic coupling measures indi-
number of methods executed actually is equal to zero when the pro-cate different coupling degree at three different running situation.
grams are executed. Thy&C_DC]| is indispensable when CDP Loop Statement
could not perfectly indicate the runtime coupling degree. P
Loop statements, consistingfof , while ordo/while , are ex-
7.4.2 Program Statement Structures isting in most programs. It is general to say that for each iteration,
On the other hand, program statement structures should be con-body of loop will be executed once. When the join point, which
sidered at runtime as well, particularly for aspect files. In order may be intercepted by pointcuts, exists in the loop body, it will trig-
to analyze the four pairs of coupling measures more clearly, we ger the execution of advices same times as the number of iteration.
next divide program statement structure into two parts: conditional Table 11 lists the results of dynamic and static coupling measures
statement and loop statement. in QuickSort in which there are many loop statements. (\We mod-
ified the number of loop N and ran QuickSort for five times and
the results are labelled as QS1 (N:1), QS2 (N:5), QS3 (N:10), QS4
Conditional statements, includirity > and switch/case , are (N:50), and QS5 (N:100) respectively.)
often used in both aspect code and base code. When measuring
static coupling measures, programmers do not consider which bran
of conditional statement is really executed. However, especially for
aspect files, because of the dynamic crosscutting mechanism, an

Conditional Statement

C‘Pable 11: Results of Dynamic and Static Coupling Measures in
uickSort in Which There are Many Loop Statements

- - . FN T BM | ICDJ CAE| ICDM| RFA] ECDM| ECDC| CDH
branch of conditional statements is likely to have completely differ- 55 Closi|o T 0 710 > 0
ent influence on the results of dynamic coupling degree. Table 10| QuickSort | C| QS1| 0 1 0 7 |0 5 0
describes the results of dynamic and static coupling measures in_Stats A[QS1]| 7 0 0 0 [0 0 2
Tetris in which there are many conditional statements. (We ran g%?ckSOrt < 822 e = o o
Tetris randomly for three times and the results are labelled as TT1, [ sgis Al OS2 48 [0 0 0 T0o 0 >
TT2 and TT3 respectively.) Foo C|[ QS3] 0 1 0 4 [0 2 0
QuickSort | C| QS3| 0 1 0 7 [0 125 | 0
Stats A QS3[ 127 [ O 0 0 |0 0 2
Table 10: Results of Dynamic and Static Coupling Measures in g?:i)ckSOrt g 823 8 i 8 ‘71 8 ioeo 8
Tetris in Which There are Many Conditional Statements Stats A QS4| 1062 0 0 0 1o 0 2
FN T[ BM[ ICDC| CAE| ICDM| RFA] ECDM|[ ECDC| CDP Foo Cl Q35[0 1 0 10 2 0
Gamelnfo | A| TT1| 1 0 |3 0 |0 0 1 QuickSort | C| QS5] 0 1 0 7 |0 2691 | 0
Menu Al TT1] 2 0 1 2 0 0 2 Stats A | QS5[ 2693 0 0 0 0 0 2
Counter Al TT1| 1 1 0 0 0 1 2
Levels Al TT1| 3 0 0 0 0 0 4 I . .
NewBlocks| Al 771l 80 | 0 0 0 o 0 3 We could easily find that the values of five groups of dynamic
NextBlock | A| TT1| 2 1 2 0 |0 5 2 coupling measures are at the similar tendency. This result could
;Stﬁgpec‘l é gi g 2 8 20 g 35 é clearly prove that for aspect files, the number of crosscutting is
ockPane .
—srsaUl ¢ o £ o 0 T2 £ 5 related with the number of loop.
Tetrisimages C| TT1]| 0 1 0 5 0 8 0 H ;
Timer C[Tr[0 |1 |0 5 0 1 0 7.5 Discussion
AspectTetri C| TT1| 0 5 [0 31 |0 2 0 From all the above analysis, we find that dynamic coupling mea-
32;”5'”0 2 ﬁ; ; 8 f g 8 8 ; sures we proposed are reasonable and complementary to the ex-
Counter | Al TT2 1 1 1o 0o o 1 > isting static coupling measures since dynam_ic coupling measures
Levels Al TT2[ 3 0 0 0 |0 0 4 could more precisely indicate the actual coupling degree of AO sys-
NewBlocks| A| TT2| 76 |0 | 7 0 |0 0 3 tems than static ones. There are several reasons for that:
NextBlock | A| TT2| 2 1 2 0 0 6 2
TestAspect| A| T12| 9 0 0 0 |0 0 1 e Whendynamic pointcut designatorssuch ascflow,
BlockPanel] C| TT2| 0 1 0 10 |2 70 0 cflowbelow, if or adviceezecution are composed of point-
TetrisGUI | C| T12] 0 5 |0 0 | 4 5 0 i : P pomn
Tetrisimages C| TT2| 0 1 0 5 7 9 0 cuts, traditional static coupling measures could not preusely
Timer C[ T12[ 0 1 0 5 |0 1 0 capture the coupling degree because of the dynamic cross-
AspectTetris C| TT2| 0 5 0 31 10 2 0 cutting behavior in aspect files.
Gamelnfo | A| TT3| 1 0 3 0 0 0 1
Menu Al TT3| 2 0 1 2 |0 0 2 ¢ |f many conditional statementsexist in aspect files, the val-
E;;‘e”ée’ 2 Eg g é 8 8 8 é i ues of dynamic coupling measures are likely to be change
NewBlocks| AT 713 103 T 0 89 o T0 0 3 irregulgrly. On th_e other hand, if a lot drbop statements
NextBlock | A| T13] 2 1 3 0 |0 7 2 occur in aspect files, the values of dynamic coupling mea-
gtlest/;;pectl é Eg g 2 8 20 g ge (1) sures are high correlated with the number of iteration. How-
ockPane HY
TetisGUr T cl T3 o = 0 o T2 z o ever, condltllonal or loop statements do not have any effect on
Tetrisimages C| TT3] 0| 1| O 5 (89 |9 0 static coupling degree at all.
Timer C[ TT13[ 0 1 |0 5 |0 1 0 . . .
AspectTetrs C| T3 0 5 0 3110 3 0 However, the dynamic metric values proposed in the paper may

be dependent on the input data (an execution path) of a program.

%t in Subsubsection 7.4.2 is denoted as one kind of conditional For each input, code coverage of current execution should be en-
statements. sured to reach a reasonable value, so as to obtain the useful data.



On the other hand, the dynamic metric values might be correlated measurement for AO systems. Secondly, collect data from various
with the implementation detail of a program as well. Thus, for bet- industries to conduct more empirical validation. Thirdly, build a
ter gathering the precise values of dynamic coupling metrics, static model to predict the quality of a system using statistical analysis.
and dynamic preliminary analysis should be performed efficiently.
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